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@ Winding for an electrical Induction device. 

@ A high voltage electrical winding (27) for shell form 
transformers (7) is disclosed that reduces eddy current and 
circulating current losses within the winding. The winding is 
fabricated from an elongated conductor bundle (40) that is 
spirally wound into a plurality of turns. The conductor bundle 
(40) is formed from a multiplicity of enamel coated elongated 
conductor strands (45) arranged in side by side relation. Each 
of the conductor strands has a rectangular cross section with a 
thickness of less than approximately 40 mils between contact- 
ing surfaces. The strand's cross sectional height is preferably 
less than 120 mils. The conductor strands 45 are mounted side 
by side such that their respective contact surfaces abut. The 
conductor bundle is preferably wrapped in an adhesive tape 
(57) to give the bundle some structural support and to provide 
insulation between winding turns. The disclosed winding also 
has very good mechanical strength and impulse distribution. 





MAX 







40 



/ 



57 



45' 



FIG. 3. 



Ql 
UJ 



BundesdructereJ Berlin 



EP 0 339 934 A2 



Description 



Winding for an electrical induction device 



This invention relates to a winding for an electrical 
induction device and especially but not exclusively, 
to an 5 
improved construction and winding method for a 
shell-form power transformer. More particularly, the 
invention provides a transformer winding formed of 
conductor bundles each having a number of ex- 
tremely thin rectangular strands. 10 

Modern transformer windings are fabricated using 
a wide variety of methods. In high power applica- 
tions, a substantially rectangular shaped conductor 
strip is generally spirally wound about a core to form 
a coil. Often, the conductive strip itself is composed 15 
of a plurality of strands arranged side by side in a 
row. The strands themselves may be rectangular to 
both increase strength and provide a more compact 
transformer. A representative conductor construc- 
tion is disclosed in U.S. patent number 4,489,298. 20 

There are several factors that influence transfor- 
mer efficiency. Two of the most notable losses are 
caused by eddy current and circulating current 
within the windings. It has been realized that eddy 
currents are dependent to a large extent on the 25 
dimensions of the conductors. Specifically, eddy 
current losses may be significantly reduced by 
reducing the dimensions of the conducting strands. 
Experiments have shown that conductor bundles 
comprised of a large number of finely stranded 30 
conductors have several advantages over prior 
conductor constructions. 

Therefore, it is a primary objective of the present 
invention to provide a low loss high voltage power 
transformer. 35 

A more specific objective of the present invention 
is to provide an improved high voltage winding that 
reduces eddy current and circulating current losses 
within the winding. 

Another objective of the present invention is to 40 
provide a compact transformer construction that 
reduces the required transformer size. 

To achieve the foregoing and other objects and in 
accordance with the purpose of the present inven- 
tion a winding for an electrical induction device is 45 
disclosed that is designed to reduce eddy current 
losses. The winding is formed from an elongated 
conductor bundle that is spirally wound into a coil. 
The conductor bundle is formed from a multiplicity of 
enamel coated elongated conductor strands ar- 50 
ranged in side by side relation. Each conductor 
strand has a substantially rectangular cross section 
with a pair of substantially parallel contact surfaces 
and a minor axis. The minor axis joins said contact 
surfaces. Each conductor strand is less than 55 
approximately (30) mils thick along its minor axis. 
The conductor strands are mounted side by side 
such that their respective contact surfaces abut. 

In a preferred embodiment, the conductor bund- 
les are wrapped with an adhesive tape to help hold 60 
the conductor strands together and to provide 
insulation between winding turns. 
The features of the present invention that are 



believed to be novel are set forth with particularity in 
the appended claims. The invention, together with 
further objects and advantages thereof, may best be 
understood by reference to the following description 
taken in conjunction with the accompanying draw- 
ings in which: 

FIGURE 1 is a perspective view with portions 
broken away of a transformer magnetic core- 
coil assembly. 

FIGURE 2 is a vertical sectional view taken on 
line 2-2 of Fig. 1. 

FIGURE 3 is a cross sectional view of a 
conductor bundle. 

FIGURE 4 is a cross sectional view showing 
the winding configuration through two turns of 
the winding as seen in Figure 2. 

FIGURE 5 is an illustration of a novel 
transposition pattern for the windings of the 
present invention. 
As illustrated in the drawings, the present inven- 
tion comprises a high voltage shell-form transformer 
having windings formed of ribbon cables consisting 
of a large number of small rectangular strands. As 
seen in Figure 1, a typical three phase shell-form 
transformer 7 is shown for illustrative purposes. It 
will be appreciated that any other form of transfor- 
mer, such as single phase transformers would be 
equally operative for the purpose of this disclosure. 
The transformer 7 includes first and second mag- 
netic core sections 11,13 disposed in side by side 
relation. Each magnetic core section 11,13 has three 
winding openings such as opening 19. The transfor- 
mer Includes three electrical winding phases 
21,23,25 each of which include a high voltage 
winding 27 sandwiched by a pair of low voltage 
windings 28. The windings 27,28 are stacked in side 
by side relation with the openings in the coils in 
alignment, forming openings 29 for receiving the 
magnetic core sections 11,13. It will be appreciated 
that multiple high voltage windings 27 could be used 
within each phase. 

Each high voltage winding 27 is comprised of one 
or more elongated conductor bundles that are 
wound spirally in a continuous section to form a 
plurality of layers or turns 31,33,35 as seen in Figure 
2. The neutral connection may be on the inside, while 
the high-voltage terminal is disposed on the outside. 
The elongated conductor bundles 40 are comprised 
of a plurality of extremely small rectangular conduc- 
tor strands 45 as shown in Figure 3. Each conductor 
strand 45 is enamel coated and will generally be in 
the range of 60 to 120 mils high and less than 40 mils 
thick. By way of example, an appropriate thickness 
would be 30 mils. For the purpose of this descrip- 
tion, each of the substantially rectangular strands 
will be defined as having a major axis and a minor 
axis. The major axis is defined as the cross sectional 
height, while the minor axis is defined as the cross 
sectional width. The rectangular conductor strands 
45 are laid side by side and may be bonded together 
using a solvent-activated adhesive over the enamel 
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insulation. The conductor bundle is then taped with 
an adhesive paper 57. Preferably two layers of the 
adhesive paper tape 57 will be wrapped about the 
conductors strands 45. 

The thickness of the strands 45 across the width 
of the turn largely determines the magnitude of the 
eddy current losses due to the direction of the 
magnetic flux in shell-form transformers. Thus, the 
thickness of the strands 45 along their minor axis, 
(i.e. the 30 mils) and not their major axis height will 
determine the magnitude of the eddy current losses. 

During winding operations, any appropriate num- 
ber of conductor bundles may be used to form a 
single turn. By way of example, an appropriate 
conductor bundle width is two inches and four or six 
conductor bundles may form a single turn. As seen 
in Figure 4, an adhesive coated paper 60 may be 
inserted between the turns to aid bonding between 
the groups. By way of example, a suitable adhesive 
paper suitable for both taping the conductor 
bundles 40 together and for insertion between turns 
is 3-mil crepe paper having a heat activated adhesive 
applied on both of its sides. 

After winding, the coil is clamped to its final 
dimensions and heated to cure the thermally 
sensitive adhesives. 

With a symmetrical arrangement of high and low 
voltage windings, the necessity for transpositions of 
the conductors between the two halves of the 
highvoltage windings will not be needed. Transposi- 
tions made in each half may be made in any suitable 
manner as can readily be determined by those 
skilled in the art. By way of example, transpositions 
may be effectively made as shown in Figure 5, with 
each half of the total turn width being separately 
transposed. 

Finely-stranded conductors formed into bundles 
that are several inches wide yet only a small fraction 
of an inch thick have several advantages in addition 
to reducing eddy current losses. For example, 
continuous windings formed in such a manner have 
the advantage of greatly improving impulse voltage 
distribution which permits a significant reduction in 
turn-to-turn insulation clearances. Further, the circu- 
lating currents within the winding may be virtually 
eliminated since the cable may be nearly equivalent 
to continuously transposed conductors. Addition- 
ally, the overall size of the transformer may be 
reduced significantly since coil to coil insulation 
clearances in the high voltage winding groups may 
be eliminated. 

The construction described has numerous ad- 
vantages over conductor ribbons formed of a 
plurality of round conductor strands. For example, 
the use of rectangular strands facilitates a more 
compact design. Additionally, the short circuit 
strength of each group and the mechanical rigidity of 
the individual turns will be much better since all of 
the conductor strands 45 run parallel to one another. 
Thus good winding tension may be maintained 
thereby improving the mechanical properties of the 
finished coil. This allows the conductor bundles 40 to 
be'tightly taped using existing machines. Although 
only one embodiment of the present invention has 
been described, it should be understood that the 



present invention may be embodied in many other 
specific forms without departing from the spirit or 
scope of the invention. Particularly, the actual 
construction of the transformer may vary widely. For 

5 example, multiple high voltage windings may be 
sandwiched between each pair of low voltage 
windings. Both single phase and multiple phase 
transducer constructions are contemplated as well. 
The transposition scheme may also be widely varied 

10 within the scope of the present invention. Therefore, 
the present examples and embodiments are to be 
considered as illustrative and not restrictive, and the 
invention is not to be limited to the details given 
herein, but may be modified within the scope of the 

15 appended claims. 



Claims 

20 1 . A winding for an electrical induction device 

comprising: 

an elongated conductor bundle having oppos- 
ing outer and inner longitudinal surfaces defin- 
ing the thickness of the bundle and a pair of 

25 opposing side surfaces defining the width of the 

bundle, the conductor bundle being formed 
from a multiplicity of insulated elongated con- 
ductor strands arranged in side by side relation, 
each said conductor strands having a substan- 

30 tially rectangular cross section with a pair of 

substantially parallel contact longitudinal side 
surfaces which serve as contact surfaces and 
which define the width of the strand and a pair 
of inner and outer longitudinal surfaces defining 

35 the thickness of the strand along a major axis, 

the minor axis being substantially perpendicular 
to the major axis, the width of the conductor 
strands along their minor axes being less than 
approximately 40 mils and substantially less 

40 than the height along their major axes, said 

conductor strands being mounted side by side 
such that their respective contact surfaces 
abut; 

a support member, wrapped about the elong- 
45 ated conductor bundle to provide mechanical 

support; and 

wherein said conductor bundle is spirally 
wound in a multiplicity of winding turns to form a 
coil, the conductor bundle being wound such 

50 that said inner surfaces of the bundle and 

strands face the center of the coil. 

2. A winding as recited in Claim 10 further 
comprising an adhesive for adhering said 
conductor strands together. 

55 3. A winding as recited in Claim 10 wherein 

said support member is an adhesive tape for 
insulating the conductor bundle and holding the 
strands together. 

4. A winding as recited in Claim 3 further 
60 comprising an adhesive layer for disposition 

between adjacent coil turns to aid bonding 
between the adjacent turns. 

5. A winding as recited in Claim 7 wherein 
each said winding turn includes a plurality of 

65 conductor bundles. 
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6. A winding as recited in Claim 5 wherein 
said conductor bundles are transposed at least 
one time. 

7. A winding as recited in Claim 10 wherein 
the height of said elongated conductor strands 
along their major axes are in the range of 
approximately 60 to 1 20 mils. 

8. In a high voltage power transformer 
including a magnetic core means divided into a 
plurality of sections, at least one low voltage 
winding and at least one high voltage winding, 
each magnetic core means section having at 
least one opening for receiving said windings, 
the windings disposed in inductive relation with 
the magnetic core means and extending 
through at least one of said core means 
openings, the high voltage winding having an 
improvement comprising: 

an elongated conductor bundle having oppos- 
ing outer and inner longitudinal surfaces defin- 
ing the thickness of the bundle and a pair of 
opposing side surfaces defining the width of the 
bundle, the conductor bundle being formed 
from a multiplicity of insulated elongated con- 
ductor strands arranged in side by side relation, 
each said conductor strands having a substan- 
tially rectangular cross section with a pair of 
substantially parallel contact longitudinal side 
surfaces which serve as contact surfaces and 
which define the width of the strand and a pair 
of inner and outer longitudinal surfaces defining 
the thickness of the strand along a major axis, 
the minor axis being substantially perpendicular 



to the major axis, the width of the conductor 
strands along their minor axes being less than 
approximately 40 mils and substantially less 
than the height along their major axes, said 
5 conductor strands being mounted side by side 

such that their respective contact surfaces 
abut; 

a support member, wrapped about the elong- 
ated conductor bundle to provide mechanical 

10 support; and 

wherein said conductor bundle is spirally 
wound in a multiplicity of winding turns to form a 
coil, the conductor bundle being wound such 
that said inner surfaces of the bundle and 

15 strands face the center of the coil. 

9. A winding as recited in Claim 7 wherein the 
thickness of each conductor strand along its 
minor axis is less than 30 mils. 

10. A winding as recited in Claim 1 or 8 wherein 
20 the elongated conductor strands are enamel 

coated to provide electrical insulation between 
strands. 

11. A winding as recited in Claim 8 wherein: 
the elongated conductor strands are enamel 

25 coated to provide electrical insulation between 

strands; 

the height of the elongated conductor strands 
along their major axes are in the range of 
approximately 60 to 120 mils; and 
30 the support member is an adhesive tape for 

insulating the conductor bundle and holding the 
strands together. 
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FIG. 5. 



